The detection of genetically modified crops in foodstuff relies on detection of transgenic DNA or protein material in the sample matrix. Purified DNA or proteins are used as analytical material for polymerase chain reaction technologies and immunodiagnostics. Successful sample preparation is critical to the validity of subsequent analysis. For routine analysis, a good sample preparation technique should be simple, safe, and inexpensive while reproducibly generating DNA/protein of sufficient quality and yield. The suitability of isolated DNA or protein as an analyte for a detection or characterization technique depends on amount or concentration, purity, and integrity, each of which may be influenced by sample matrix and the extraction technique, and, in turn, may impact the validity of analytical techniques. The key sample preparation steps of homogenization, pretreatment, extraction, and purification are discussed as well as typical analytical methods. Consideration is given to application of these steps for particular sample matrixes to maximize yield, reduce inhibition effects, and minimize contamination. The choice of the most appropriate and valid methods for sample preparation from particular foods is discussed with respect to DNA analysis. Attention is also given to ease of use, cost, and generic applicability of the procedures.
T he aim of the extraction procedure is to isolate DNA or protein of suitable integrity, purity, and quantity to allow subsequent analysis (1) . Prior to sample preparation, consideration should be given to the sample matrix, the target analyte, and type of analysis required (e.g., screening or characterization, qualitative or quantitative) in order to select the most appropriate DNA or protein extraction procedure. The sample storage history and degree of processing of the foodstuff will also influence the integrity of the target analyte, whether DNA or protein, and will therefore dictate whether DNA or protein extraction and analysis is most appropriate.
The time and resources available might also constrain the choice of procedure. Various factors, which influence the choice of sample preparation procedure and typical methods used for particular food types, are considered below.
The general sample preparation procedure and DNA and protein extraction from genetically modified (GM) crops and food derivatives consist of a number of steps, which are summarized for DNA and protein in Figures 1 and 2 , respectively. These steps are considered in more detail below.
Method Review

Preparation of Food Samples
With the exception of raw ingredients, most food samples contain material that has undergone varying levels of processing, including physical, chemical, and enzymatic treatments that can degrade and modify the DNA and protein within the sample. These may include prolonged heat treatment resulting in DNA degradation and protein denaturation, increased depurination and hydrolysis of DNA at low pH (e.g., vinegar), and enzymatic modification or degradation (e.g., nucleases and proteases). Enough sample material must be used to yield a sufficient and reproducible quantity and quality of DNA or protein for subsequent detection and quantitation and to avoid false-negative results. For routine analysis, therefore, 1-5 g is generally considered a maximum realistic test portion size.
In some mixed food samples, only a select portion will be the target for investigation and should be isolated. Such examples might include the removal of cream centers in bakery products to reduce the presence of contaminating lipids and the removal of fish embedded in maize-derived breading, where the target ingredient for analysis is GM maize in the bread component of the product. In the case of cooked solid matrixes, the inside of products such as cakes and biscuits may contain DNA that is less degraded than the more highly baked exterior, and increased yields of higher quality will be obtained from this portion. Potential external contaminants such as salts, spices, sugars, and sauces must also be physically removed before the sample is taken.
The state of sample homogeneity or heterogeneity of both the analyte and matrix components is also very important. The portion taken for analysis must also be of sufficient size to be representative of the sample and target analyte. In the case of a relatively homogeneous sample, such as a commodity crop or single ingredient food product, the whole sample may be considered to be representative. However, for a heterogeneous composite food product, particularly when several of the components may contain GM derivatives, e.g., pizza, the issue of sufficient homogenization to ensure a representative sample is particularly critical, especially if a quantitative GM analysis is required.
To obtain a representative test portion, liquid samples should be homogenized; stirring or shaking is often sufficient (2) . Solid matrixes may also require homogenization before a sample is removed for extraction. A number of homogenizing methods are available and are summarized in Table 1 . The use of highly contaminating milling and grinding techniques should be avoided as often as possible, although mixing by this method is comprehensive. Any dust-producing technique should be contained and separated from further steps in the extraction procedure. The stomach blender method reduces contamination but is insufficient for mixing commodities such as soybeans and corn (2) .
DNA Extraction and Purification Methods
In addition to requirements of the food matrix type and target analyte, the numbers of samples analyzed, required speed of throughput, and skills resource availability may also influence decisions on extraction and purification, particularly on the use of commercial kits or more traditional organic reagents.
Pretreatment
Pretreatment of particularly acidic, fatty, or starchy samples is performed to aid extraction of DNA, and improve efficiency of cell lysis (Table 1) . Acidic samples are neutralized to pH 7.0 ± 1.00 with 2M sodium hydroxide solution (3). Fat-containing samples that cannot be dispersed in aqueous lysis buffer are treated with hexane to remove fat before extraction (4). Samples with a high starch content, which may swell in lysis buffer, are better dispersed by adding termamyl type L and incubating at 65°C for 30 min (5) .
Lysis
This step disrupts the cell wall and frees the DNA from cellular and organelle membranes. The initial lysis step for the breakdown of cell walls is performed with a variety of buffers containing sodium dodecyl sulfate (SDS) as detergent and a high ethylenediaminetetracetic acid (EDTA) concentration (6) , and is typically performed at 65°C with incubation of at least 30 min. Proteinase K, α-amylase, and RNase are used in the lysis step to aid breakdown of protein, starch, and RNA, respectively.
Extraction and Purification
After lysis, the aqueous phase is extracted with phenol and/or chloroform to remove any nuclease activity and potential polymerase chain reaction (PCR)-inhibitory compounds, such as lipophylic molecules, polysaccharides, and proteins. In spite of the toxicity of phenol, organic separation is still widely used. However, alternative DNA extraction methods based on coprecipitants such as cetyltrimethylammonium bromide (CTAB; 7), polyvinylpyrolidone (PVP; 8), and binding of DNA to silica matrixes are now used frequently. After the initial lysis step, denatured proteins and polysaccharides complexed with CTAB and/or PVP are removed from the DNA-containing liquid phase. A variety of silica adsorption matrixes are also used to aid DNA recovery and purification; such silica matrixes include commercially available products such as Wizard DNeasy ™ (Qiagen, Crawley, UK). DNA binds to these silica resins in the presence of the chaotropic reagent guanidine-hydrochloride, and contaminants are then eluted with isopropanol. Finally, the DNA is eluted from the resin with a low salt buffer (9) . Other methods include adsorption of DNA onto diethylaminoethyl (DEAE) paper. An overall summary of the available methods is shown in Table 2 .
Inhibitor Removal
A further consideration in choosing an extraction and purification procedure is its influence on the subsequent analytical quality of the DNA. Coprecipitants, solvents, or adsorption matrixes should not bring nuclease activity or PCR inhibitors and competitors or contain any sequence homology to the PCR target. Potential PCR inhibitors are a particular problem with complex food matrixes. Table 3 lists common sources of potential PCR inhibitors, with respect to both the matrix and the extraction process and presents recommendations for the best extraction and purification steps to eliminate them from the DNA sample. Particular chemical and enzymic treatments steps can be introduced into the extraction process to minimize or remove inhibitors introduced from the sample matrix, such as protein, polysaccharide, fat, phenolics, and salt. Process-introduced PCR inhibitors include CTAB, SDS, and phenol, and removal of these reagents is also required before analysis. The final step in the extraction procedure, therefore, is to precipitate the DNA and wash with ethanol to remove salts and residual chemicals such as chloroform and phenol. However, when degraded DNA is expected from the extraction process, as is typically the case for processed foods, the inefficiency of ethanol precipitation for short molecules (<200 bp) should also be considered (10) . Precipitation may be improved by adding MgCl 2 (to 10mM) or glycogen (to 10 µg/mL).
Method Optimization and Other Practical Considerations
The methods outlined above are typically used in combination so that a number of pretreatments and purification steps may be used to optimize the extraction for different types of matrixes. Different enzymes can be used in the lysis of matrixes and a number of DNA-purification steps can be included, but the purity and quality of DNA must be balanced with yield. Table 4 lists some common strategies. The CTAB methods followed by phenol and/or chloroform cleanup (11, 12) and commercial silica-based methods (13) are useful when a wide range of matrixes is being investigated. Table 5 lists cost, speed, and safety factors to be considered in the choice of extraction method. As discussed above, CTAB, PVP, and silica adsorption are preferable to phenol because of its hazardous properties. The cost of commercial kits based on silica adsorption columns or magnetic beads is greater than that of other methods but the benefits obtained are both ease and rapidity of use.
Protein Extraction
Food processing influences both GM protein antigen denaturation and extractability from the food matrix, adversely affecting antibody affinity and utility of the antibody-based protein detection assay. Predominantly, protein tests are limited to the analysis of food ingredients in a relatively raw state. The extraction of protein from the test sample involves a lysis step followed by centrifugation; the supernatant containing the extracted protein is then used in analysis. Lysis conditions can be modified according to the nature of the matrix; binding agents or specific buffers can be used, for example, fatty samples can be treated with hexane before extraction. The most commonly applied methods for analysis of GM protein are the commercially available antibody-based GM trait detection kits (14) . Further consideration for protein extraction and analysis is described in an accompanying paper in this publication (15).
Validity and Comparability of Assay Results after DNA/Protein Extraction
Several factors linked to the extraction process must be taken into account when assay results are obtained, whether the analyte is protein-or DNA-based. A negative result may really be a false negative, not indicative of a total absence of target material in the original sample but an absence of detectable GM DNA or protein in the assay. This will be based on the extraction and assay methods and the samples. Every assay will have a limit of detection or cut-off point below which it will not be possible to detect GM DNA or protein even if it is present in the target sample. This limit will be a reflection of the efficiency of the extraction method, the presence of inhibitors either from the matrix and/or the extraction process, and the sensitivity of the detection method. The analyte may undergo degradation as a result of processing of the original sample or on extraction. This can potentially result in false negatives either from reduced presence of assay target molecule or, in the case of DNA, if the PCR assay is not designed to amplify small DNA fragments (typically <250 bp). It is also possible to obtain false positives, which can occur primarily as a result of contamination of the original sample or at the extraction or post-extraction stages. False positives can also be minimized by adopting certain laboratory standards, such as the incorporation of standardized operating procedures and equipment calibration to ensure assay accuracy. In addition, the laboratory design must incorporate a flow of operations that physically separates sample handling, preparation, extraction, and assay to minimize the risk of cross-contamination.
To minimize erroneous data, extraction controls must be incorporated into the process. An extraction buffer blank that is treated as a sample but that contains no sample material will ensure that the analytical system is not contaminated with target analyte; it may also act as a reagent control. In addition, an inhibition control, which contains added exogenous DNA/protein that is known to be detectable in an optimal reaction can also be used to monitor for the presence of inhibitors in the extraction process. Control samples of known DNA/protein content may also be used to test the efficiency of an extraction method. If not immediately required for final analysis, e.g., by enzyme-linked immunosorbent assay (ELISA) or PCR, the DNA/protein extract should be stored under stable conditions with minimal freezing and thawing to prevent subsequent degradation.
Discussion
Sample preparation is the first step in the analytical process for detection of genetically modified crops and their derivatives. The validity of subsequent analysis is therefore critically dependent on the success of this initial stage. The method chosen depends on the sample matrix in question and the subsequent analysis needed. When a wide range of food matrixes is being investigated, generically applicable methods can be used.
Potentially suitable extraction procedures must be validated with several factors in mind: the yield, quality, and integrity of DNA/protein obtained; the type of sample matrix that can be successfully extracted; the presence of potential inhibitors of downstream processes, such as PCR amplification; and the repeatability of the technique. Taking all of these factors into account, a suitable balance must be struck between the ease of use, cost, and generic application of a particular technique versus the quality and quantity of DNA/protein obtained and the type of matrix that is being analyzed.
There are several future research challenges for improving sample preparation and extraction technologies for GM detection. Potential novel techniques include the use of biophysical and mechanical extraction processes. The application of rapid, high throughput methods coupled with system automation has the potential to greatly reduce time and cost of extraction and consequently that of the overall analysis. Cost improvements Reported by the manufacturer to be effective for processed foods as it has improved recovery of short DNA fragments will also result from the development of further generic methods with a very broad range of applicability, and improvements in method efficiency will enable attainment of greater yields of purer DNA/protein, potentially increasing the sensitivity of downstream analytical assays.
